In multirate-signal processing, digital filtering is a key technique, which is before extracting or after interpolating in sampling rate conversion. In this paper, an improved cascaded integrator-comb filter is presented, which is better to prevent superimposed effect happening. The superimposed effect is studied, and the amplitude frequency characteristics are analyzed. The filter presented is used in the In-phase and Quadrature modulation and it is proved that our filter is excellent to meet the demand by eye diagram, simulation and analysis.
Introduction
In software radio [1] application, multirate data sequences are needed, where Nyquist-Shannon Sampling Theorem is used to convert analog signals to digital format generally, in which a sampling frequency fs is applied that meets fs≥2fm. However, higher data sequence rate is needed in digital up-converter in order to adapt sampling rate to digital carrier rate. In the receiver, it is very important to low the receiving data rate after A/D converter. This process is named after multirate digital signal processing [2] , where the primary and vital principle is extracting and interpolating. Digital filtering before extracting or after interpolating is the key technique in multirate digital signal processing and how to select a simple and efficient filter is very important in a system design.
Cascaded Integrator-Comb Filter
FIR filters are used widely and Half-Band Filter(HBF) and Cascaded Integrator-Comb Filter(CICF) are two high-efficient filters [3] [4] because of their special coefficients to the calculation and storage. Integral filter is an accumulator and the state equation is y(n)= y(n-1)+x(n). In frequency domain, single order integral filter is shown in Equation (1).
Single order Comb Filter is shown in Equation (2).
N-level cascaded integral filter and Comb Filter can be given in Equation (3) .
In time domain, single order cascaded integral filter and Integrator-Comb Filter is shown in Equation (4), where D is the order of CIC Filter, i.e. the factor of interpolation or extraction.
It is obvious that the coefficients of CIC filter are "1"and that makes the filter simple, orderly and easy to calculate. However, CIC filter is not an ideal filter and side band exists in the amplitude frequency characteristic. The side band of one level CIC filter is high and the anti-aliasing characteristics are illustrated in Figure 1 , where the first sidelobe peak is only less 13.46 dB than the peak value of the main valve. It is hard to meet the requirement of practical application. To increase attenuation of the stopband, several CIC filters can be concatenated where two parameters, i.e. filter order D, which is also named after interpolating factor or extracting factor, and cascaded level N, need to be considered carefully. These two parameters affect the attenuation of the stopband and the tolerance of the inband.
Figure1 Anti-aliasing characteristics of one level CIC filter.
The attenuation factor A1 can be expressed in Equation (5), where b is proportional factor of frequency band and
is the signal band.
The stopband attenuation of N-level cascaded integrator-comb filter is shown in Equation (6), where the attenuation is just as N times as that of one level filter. 
The tolerance S δ in band of one level cascaded integrator-comb filter is shown in Equation (7).
The tolerance of N-level cascaded integrator-comb filter is shown in Equation (8).
( )
As you can see that, b is smaller, stopband attenuation is bigger, and N is bigger, stopband attenuation increases, the tolerance in band is bigger. It means that N increased can improved the stopband attenuation and the tolerance in band. However, larger N can make flatness worse in band which means that N and D can't be chosen freely. By experiments, it is better that N is no more than 5 and filter order D is not too long.
Simulation and Application
I,Q orthogonal modulation is used widely in digital modulation [5] now and it can be expressed as Equation (9), where different signal modulated can be gotten when I,Q signals are selected differently. 1,1,1,1,1,1,1,1,1,1,1,1,1,1,1 
Conclusions
In this paper, cascaded integrator-comb filter is studied based on extracting and interpolating principle in multirate-signal processing. Simulation and analyses of the amplitude frequency characteristics are completed. An application scheme of improved cascaded integrator-comb filter is presented, which is demonstrated right and feasible in I, Q orthogonal modulation system.
